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Abstract 
Public transport accessibility measurement includes various dimensions: travel cost, options, constrains, quality etc. Making 
decisions for improving the public transport accessibility involves the authorities of different areas so the result should be 
reached by the interaction between all the parties involved. Also the needs of all the residents should be considered. Urban public 
transport development should be implemented with attention to the needs of people with movement disorders, unfortunately this 
aspect usually remains indecisive as not of primary importance. The aim of this paper is to apply the public transport accessibility 
for people with movement disorders measurement system for Vilnius city. The result of such assessment would be the base for 
recommendations to improve the existing public transport services. 
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1. Introduction 
Special group of people needs additional attention because of their limited capacities. The social integration of 
those people is essential for their quality of life. The ability of communication is one of the fundamental needs for 
further activity. Making fixed route public transport services accessible is the first step in restructuring the public 
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transport service. However, there is still a group of people who cannot use those services by any circumstances. For 
such cases additional actions should be taken which could be used for improving the whole public transport system. 
Public transport accessibility (PTA) measurement points out which areas are in immediate need of improvement 
and where the efforts should be focused to produce the accessibility improvements for travelers. Accessible public 
transport benefits not only disabled people but all the society. 
For this research we are interested in indicators which can be used to access the public transport accessibility 
level in the selected area. We are making the assumption that accessibility indicators and conditions for people with 
movement impairment can be assessed only in those areas where general accessibility is positive. This paper 
reviews literature on measures of public transit accessibility, describes the calculation of a public transport 
accessibility levels (PTALs), the possibilities to access the public transport adaptation for special people needs for 
Vilnius and presents results which can be used as a base for recommendations to improve the existing public 
transport services. 
2. Literature review 
2.1. Public transport accessibility measurement 
Public transport accessibility is defined as ‘the quality of transit serving a particular location and the ease with 
which people can access that service’ (Joycee, Dunn 2009). 
Different measures for public transport accessibility assessment are proposed in scientific works. Rajendral et al. 
(2013) accessibility measures group into five categories: travel-cost approach, gravity or opportunities approach, 
constraints-based approach, utility-based surplus approach, composite approach. It is clear, that public transport 
accessibility goes beyond transportation systems themselves, with roles played by land use, temporal components, and 
individual factors (Pitot et al. 2005; Geurs, Wee 2004). Mavoa et al. (2012) categorize existing accessibility measures 
into three categories: access to transit stops, duration of public transit journey, and access to destinations via public 
transit Schwarze (2005) states that public transport accessibility can be assessed using simple and integrated measures.  
Table 1. Transit accessibility measures and features (source: Mamun, Lownes 2011). 
Type of Measure Incorporated Accessibility Measure(s) Important Feature 
Time-of-Day tool (Index) Service Coverage, Time-of-Day, Waiting Time, Service 
Frequency, Demographic data.  
Time-of-Day Trip Distribution 
LITA (Grade) Service Frequency, Vehicle Capacity, Route Coverage.  Comfort and Convenience 
AI (Index) Travel Time, Travel Cost  Travel Cost 
LOS Service Frequency,  
Hours of Service, Service Coverage, Demographic data.  
LOS Concept 
PTAL (Index) Service Frequency, Service Coverage  Agg. Travel Time between O-D pairs 
TSI (Index) Service Frequency, Hours of Service, Route Coverage, Travel 
time components  
Weighted Travel Time 
TLOS Service Frequency,  
Hours of Service, Service Coverage, Walking Route,  
Demographic data  
Availability & quality of Pedestrian Route 
Supply Index & Need 
Index 
Service Frequency, Service Coverage, Travel time, Car 
Ownership, Demographic data.  
Transport Needs Measure 
TAI & TDI (Index) Access distance, Travel time, Comfort & parking, Network 
Connectivity, Service Frequency, Hours of Service,  
Vehicle Capacity.  
Transit Dependency Measure 
 
In the concept of simple accessibility only parameters of the transport system in the area itself are applied, while 
integrated accessibility is determined by the spatial distribution of potential destinations, the ease of reaching each 
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destination, and the magnitude, quality and character of the activities found there. Thus, integrated accessibility 
measurement includes simple accessibility parameters coherent to the specified destinations. The indicators 
evaluated in different measures are as follows. 
For the purposes of this paper we will focus on the accessibility of a point to the public transport network and the 
possibility to use the public transport services for people with mobility impairments (transportation and social 
approach).  
2.2. Public transport accessibility for people with movement disorders measurement 
It is important to distinguish the constraints that people with movement disorders face using public transport 
system. Movement difficulties can occur due to the different reasons and over time repetitive movement disorders 
are defined as disabilities. Thus, the target group involves not only diseased people, but also elderlies, pregnant 
women, children, parents of large families, etc. There are separate movement disorders groups, which require 
special decisions in public transit services provision (Risser et al. 2015; Ferrari et al. 2015). 
As can be seen from the Table 2 the major adaptation decisions require people with physical and sensory (vision) 
disabilities. Such adaptation is the most complex because of huge investments needed and such decisions could be 
made only by legal measures or a high level of awareness of people making decisions on the operational level. 
Table 2. Special people with disabilities needs for transport services. 
Types of disability Additional needs 
Physical Low floor vehicles, ramps, signals, manoeuvring space, wheelchair fixing equipment, accessible paths.  
Sensory:  
• vision Surfaces, lightning, signs – raised lettering or symbols or use of Braille, contrast inscriptions, size and format of 
printing, hearing augmentation-listening systems 
• hearing Visual information 
• balance 
disorder 
Handrails and grabrails 
Intellectual Easy understandable information, easy ticketing, special drivers’ trainings 
Mental health, 
emotional 
Special drivers’ trainings, signal devices for conveyances that stop on request 
Pervasive 
developmental 
Easy understandable information, easy ticketing, special drivers’ trainings, signal devices for conveyances that stop on 
request 
Developmental Suitable height of equipment 
Nonvisible Signal devices for conveyances that stop on request, first aid kits. 
 
Separate measurement methodology for accessing public transport accessibility for people with movement 
disorders was not found in the scientific literature. Usually different qualitative and quantitative measures are 
assessed. According to Methodology for Describing the Accessibility of Transport in Europe (MEDIATE), for 
people with movement disorders the most important aspects to be fitted are information, ticketing and environment 
determinant seamless travel. 
3. Methodology and study area 
3.1. Methodology 
The aim of this paper is to assess the accessibility of public transport services itself in general and for people with 
movement disorders (PMD) so the methods for measuring the destinations accessibility by public transport are 
excluded.  
The research is organized in the following order (Fig. 1). 
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Fig. 1. The flowchart of the proposed public transport accessibility to PMD assessment process. 
For the public transport accessibility the assessment of Public Transport Accessibility Levels (PTALs) was 
selected. The Accessibility Index (AI) will be calculated on the basis of total access time (TAT) and Equivalent 
Doorstep Frequency (EDF): 
 
TAT=WT+AWT , (1) 
TAT
EDF 30= , (2) 
)other  all50(max EDFs.+AI=EDF × , (3) 
 
where WT – Walking Time, AWT – Average Waiting Time. 
The accessibility for people with disability is assessed by measuring the separate aspects mentioned in 2.2 
section. Step 3, which is mentioned in the research flowchart, will be accomplished in accordance with MEDIATE.  
3.2. Study area 
The effective exploitation of public transport system depends on its development and population density. Vilnius 
is the capital of Lithuania and it has a population of over 530 000 registered residents. This number remains stable 
during 15 years with a slight growth. In contrast it is interesting to mention that Vilnius is four times as big as Paris 
(by territory) but even 16 times less densely populated (respectively 1 340 / km2 and 22 000 / km2). The half of the 
population lives in central district. Furthermore, over 130 000 people come to Vilnius for work, educational or other 
purposes. Therefore, the load of public transport system becomes more intense over peak hours. Due to these 
reasons the assurance of integrated approach to the public transport of peripheral, middle and central parts of the city 
becomes very complicated. 
The urban land-use planning and transport infrastructure development are inseparable and should be balanced. 
Unfortunately, due to separate development of monofunctional residential districts and industrial/ business districts 
during multiannual urban development process, unfavorable situation for communications occurred. People were 
separated from the centers of attraction. Also, Vilnius is a city of the natural areas thus taking all the circumstances 
into account the average time of the trip is relatively long, attractiveness of walking, cycling and using public 
transport decreases, the usage of private cars increases significantly affecting the environment and traffic 
congestions. 
The most recent and important reorganization of Vilnius public transport are as follows: integration of adapted 
bus-rapid-transit (BRT) model, application of electronic tickets for cell phones, improved information systems. One 
of the latest and essential projects for sustainable development of the system is the integration of regional areas to 
STEP 1: base situation analysis 
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STEP 4: decision stage 
 Walk distance 
 Alternatives 
 Waiting time 
 Frequency of the service 
 Reliability of the service 
 Accessible information 
 Accessible ticketing 
 Accessible vehicles and built environment
 The ease to access PT system 
 Areas are in urgent need of improvement 
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the common system. Also the involvement of private operators will increase the competitiveness and the attraction 
of the service. Nevertheless, strategic and smooth planning is missing – public transport adaptation for people with 
movement disorders is not considered. Accessible public transport planning having people with movement disorders 
in mind leads to well-balanced system and sustainable urban development. 
 
 
Fig. 2. Map of Vilnius wards. 
The city consists of 21 wards which are selected for the study (Fig. 2). 
4. Methods and data analysis 
4.1. PTAL calculation 
The PTAL methodology is adopted for finding the accessibility index. For each of the wards, the average waiting 
time to each direction and the average walking time to the bus stop (service access points, SAPs) are calculated from 
the data collected. This forms the input for finding out the PTAL. Transit data were obtained from the Vilnius 
Transport Authority. The TAT, EDF and AI are calculated on the basis of (1), (2) and (3).  
The calculated values of PTAL for all the wards are given in Table 3 and is represented in Fig. 3. 
Table 3. Calculated values of PTAL. 
No Ward title Area, km² SAPs PTAL No Ward title Area, km² SAPs PTAL 
8 Šeškinė  4.4 15 4 13 Grigiškės  7.1 8 2.77 
9 Šnipiškės  3.12 18 4 11 Karoliniškės  4 12 2.72 
6 Justiniškės  2.98 12 3.87 10 Žirmūnai 8.5 29 2.63 
16 Naujamiestis  4.8 32 3.80 18 Naujoji Vilnia 39.3 57 2.51 
12 Žvėrynas  2.7 10 3.40 14 Lazdynai 10.3 28 2.28 
7 Viršuliškės  2.5 15 3.36 19 Paneriai  84.94 51 1.93 
17 Senamiestis 4.5 31 3.21 21 Rasos 12.7 29 1.84 
4 Fabijoniškės  4.1 24 3.17 1 Verkiai 55.65 63 1.73 
3 Pašilaičiai 8.2 23 2.97 5 Pilaitė  13.8 12 1.60 
2 Antakalnis 77.2 68 2.92 20 Naujininkai  41.1 53 1.30 
15 Vilkpėdė  10.3 21 2.87      
53 Alina Verseckienė et al. /  Procedia Engineering  134 ( 2016 )  48 – 56 
 
Fig. 3. Ward map showing different levels of PTAL. 
As can be seen from the Fig. 3, the best developed public transport network is in the center of Vilnius. It is 
natural because the biggest concentration of households, work places and other centers of attraction are in the center. 
Other large area wards are of uneven distribution in regards to people density, therefore the total PTAL level is 
lower than it is in the separate areas in the same ward. Traditional public transport cannot function effectively in low 
density areas therefore alternative services should be created. Those households do not have private cars and live in 
poor accessible areas, are socially isolated and face discomfort to plan their trips. 
4.2. Public transport accessibility for people with movement disorders assessment 
According to Table 2, the information about public transport adaptation to the needs of people with movement 
disorders was collected from Vilnius Transport Authority database and other sources. Integrated measures are 
divided into groups depending on the type of disability and are presented in Table 4.  
Collected data are hardly assessable because some of the indicators are qualitative and some – quantitative. But it 
can clearly be seen that major needs are unsatisfied. If, for example, in Grenoble (France) public transport is 100% 
accessible to disabled in Grenoble (France) (eltis.org) it could hardly be said that Vilnius is partly accessible for 
people with disability. The first actions to be taken are as follows: 
1. Strategic planning from the innermost level; 
2. Adaptation of more lines; 
3. Better vehicles’ equipment with visual and listening systems;  
4. Driver education on the needs of disabled people; 
5. Travel training; 
6. Personal assistance; 
7. Testing of ramps; 
8. Development of the it system. 
Separate measurement methodology for accessing public transport accessibility for people with movement 
disorders was not found in the scientific literature. Usually different qualitative and quantitative measures are 
assessed. According to Methodology for Describing the Accessibility of Transport in Europe (MEDIATE), for 
people with movement disorders the most important aspects to be fitted are information, ticketing and environment 
determinant seamless travel. 
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Table 4. Integrated measures for adaptation of the public transport services to people with disabilities. 
Types of disability Additional needs 
Physical Low floor vehicles (34%);  
Ramps, signals, manoeuvring space, wheelchair fixing equipment – this staff is only in low floor buses, so the 
percentage is the same (34%); 
Accessible paths (partly adapted).  
Sensory:  
• vision Surfaces (partly adapted),  
Lightning (scoreboards, signs – raised lettering or symbols (on the low-floor vehicles and in the special places, 
dedicated for people with disability, (34%) use of Braille (on the validators 100%) contrast inscriptions, size and 
format of printing (the titles of routes, 100%), hearing augmentation–listening systems (special audio 
announcements about coming trolleybuses, 40%; sound message about the stop name inside the bus, 100%) 
• hearing Visual information (electronic schedule in the most loaded stops, 1%; scoreboards in the vehicles, 25%; mobile 
application m.Ticket; permanent schedules in the stops)  
• balance disorder Handrails and grabrails (100%) 
Intellectual Easy understandable information (the adapted information is spreaded out among interested people in the form of 
flyer, special trainings are sometimes organized, there is one customer service center), easy ticketing (the ticket can 
be bought and supplemented online, using mobile application or in approximately 300 hundred sale points), special 
drivers’ trainings and instructions (carried out). 
Mental health, 
emotional 
Special drivers’ trainings (drivers are trained to behave with people with disability),  
signal devices for conveyances that stop on request (there are such devices, but actually extreme exit is possible only 
with direct request to a driver) 
Pervasive 
developmental 
Easy understandable information, easy ticketing, special drivers’ trainings, signal devices for conveyances that stop 
on request (discussed before). 
Developmental Suitable height of equipment (evaluated). 
Nonvisible Signal devices for conveyances that stop on request (discussed before), first aid kits (only provided by the law). 
4.3. Complex accessibility assessment 
On the basis of MEDIATE public transport accessibility measurement methodology, results of the research and 
the comments of the experts and people with movement impairments, lead to the following conclusions: 
The average level of service is 1.8. It means that in the best case accessibility policy is systematic, but isolated to 
specific population groups, or selected travel chain elements, modes or parts of the transport system. 
Table 5. Assessment of the development of Vilnius PT system. 
No Indicator LOD* 
A1 Accessibility plan 1.5 
A1.1 Accessibility plan status 2 
A1.2 Political commitment 1 
A2 User involvement 1.5 
A2.1 End-user involvement in planning 1 
A2.2 End-user involvement in implementation 1 
A2.3 End-user involvement in monitoring 2 
A2.4 End-user involvement in evaluation 2 
A3 Integrated accessibility policy 1.3 
A3.1 Physical planning 2 
A3.2 Maintenance routines 2 
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End of the Table 5 
No Indicator LOD* 
A3.3 Procurements, tendering contracts, service level agreements 1 
A3.4 Qualification requirements 0 
A3.5 Funding and investments 1 
A3.6 Involvement of stakeholders 2 
B1 Meeting user needs 1.8 
B1.1 Staff training 2 
B1.2 Customer satisfaction surveys 1 
B1.3 Complaint procedures 3 
B1.4 Staff availability 2 
B1.5 Personal security measures 1 
B2 Accessibility maintenance 1 
B3 Fare policies and alternative services 2.5 
B3.1 Public transport affordability 3 
B3.2 Available alternative services 2 
C1 Accessible information 1.75 
C1.1 Information before and on trip meeting user requirements 3 
C1.2 Disruption and emergency info 1 
C1.3 Passenger travel training 1 
C2 Accessible ticketing 2 
D1 Accessible vehicles and built environment 1.7 
D1.1 Barrier-free pedestrian environment 2 
D1.2 Platform accessibility 1 
D1.3 Vehicle accessibility 2 
E1 Seamless travel 3 
* – level of development, LOD 
Level 0: no approach;  
Level 1: ad hoc approach; 
Level 2: isolated approach;  
Level 3:system-oriented approach; 
Level 4: integrated approach. 
5. Conclusions 
1. Public transport accessibility is defined as the quality of transit, serving a particular location and the ease with 
which people can access that service. Scientists propose to measure public transport accessibility using travel-
cost, gravity or opportunities, constraints-based, utility-based and composite approaches. Public transport 
accessibility to people with movement disorders can be measured according to additional needs and its 
fulfillment. 
2. The accessibility to public transportation in the selected study area was determined on the basis of Transport 
Authority data and the PTAL method. The survey showed that the center of the city is well provided with 
public transport services; however, peripheral areas are in social exclusion. Collected data showed that the 
whole system is on average only 30% adapted to people with movement disorders needs, so taking the general 
accessibility level into account Vilnius could hardly be called even partly accessible for people with disability. 
56   Alina Verseckienė et al. /  Procedia Engineering  134 ( 2016 )  48 – 56 
3. Public transport accessibility assessment according to MEDIATE methodology showed that there is a lack of 
integrated approach in Vilnius to public transport accessibility. Thus, the issues of planning, implementing, 
monitoring and evaluation should be considered first, also involvement of all population groups in this process 
is essential. 
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